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FOREWORD 

Work d e s c r i b e d  i n  t h i s  documen, w a s  performed 
by Goodyear Aerospace C o r p o r a t i o n ,  Akron, 
Ohio,  under  NASA C o n t r a c t  NAS1-10105. The 
c o n t r a c t o r ' s  number f o r  t h i s  r e p o r t  i s  
GER- 1 5 2  6 7. 
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DESIGN, FABRICATION, AND STATIC TESTING 

OF FIRST-STAGE 

- ATTACHED - INFLATABLE - DECELERATOR (AID) MODELS 

By B. A. Johnson 
Goodyear Aerospace Corporation 

SUMMARY 

Goodyear Aerospace Corporation (GAC) designed and fabricated 
wind-tunnel models of a first-stage Attached Inflatable Decel- 
erator (AID) for the NASA Langley Research Center (LRC). 

Six models were furnished by GAC for the current program. The 
AID canopies were attached directly to a payload in a method 
which simulated a first-stage AID. All six models had 140-deg 
conical aeroshells as their forebodies, and each model had four 
spring-actuated forward inlets mounted on the internal hard 
structure to provide for initial deployment. Full inflation 
and final pressurization is accomplished by four aft canopy 
inlets on each model. 

An inflation test was conducted in an environmental chamber to 
investigate packaging, deployment, and inflation characteristics 
of the models prior to wind-tunnel testing. 

INTRODUCTION 

Recent advancements in high-speed flight vehicles have estab- 
lished the need for a deceleration system with good operational 
characteristics at supersonic speeds. To meet this need, LRC 
has conducted extensive analytical and experimental investiga- 
tions in the development of an Attached Inflatable Decelerator 
(AID), the results of which are-summarizgd in References 1 
through 10. An AID consists of a flexible canopy deployed and 
inflated by ram air, which is attached to the base of the body 
to be decelerated. AID models investigated to date (References 
1 through 10) were representative of a single-stage decelerator 
in which the deployed drag area was sufficient to decelerate 
the payload to terminal conditions suitable for descent engine 
ignition. 

A recent trade-off study was conducted by LRC (References 1 and 
11) to determine the effects of a two-stage deceleration system 
on mission performance. This system maximized decelerator 
efficiency by taking advantage of the high supersonic drag of 
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the A I D  as the first-stage and the high subsonic drag of a 
terminal-stage parachute such as the disk-gap-band parachute 
(Figure 1). Reference 1 states that for entry into the low- 
density atmosphere of Mars, the A I D  will relax the stringent 
deployment conditions on the parachute and will provide signi- 
ficant increases in landed payload mass without increasing the 
size of the basic aeroshell (see Figure 2). Complimenting this 
Reference 1 study was a parametric thermal and stress analysis 
of an A I D  operating in the most severe of the postulated Mars 
atmospheres (Reference 12) which showed the feasibility of 
deploying an A I D  at high supersonic speeds. 

A s  part of a continuing effort to develop and to evaluate the 
A I D ,  the present program investigated the characteristics of 
a first-stage A I D .  Since the A I D  is aerodynamically shaped, its 
canopy may be tailored to the application for which it is inten- 
ded and to the attachment locations available. Key factors in 
this program were the investigation of a new canopy shape and 
a new attachment scheme. The A I D  models incorporated smaller 
volume canopies than those models described in References 3 ,  9 
and 12 and were attached to a simulated payload in a manner 
which would permit detachment of the A I D  and deployment of a 
subsonic parachute rather than being attached directly to the 
140-deg aeroshells. Thus, the objectives of the investigation 
were to design, fabricate, and static test AID models in prep- 
aration for wind-tunnel testing which will demonstrate deployment 
and aerodynamic performance at supersonic speeds. 
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S YMBOL S 

ballistic coefficient, slugs/sq ft 

drag coefficient 

pressure coefficient, pL - PJq, 

diameter, ft 

depth of lobes, in. 

circumferential membrane stress coefficient 

fabric stress, lb/in. 

nondimensional fabric stress 

circumferential fabric stress resultant, lb/in. 

meridional fabric stress resultant, lb/in. 
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M Mach number 

N s tress,  l b / i n .  

n number of g o r e s  

q dynamic p r e s s u r e ,  p s f  

R maximum canopy r a d i u s  e x c l u d i n g  b u r b l e  f e n c e ,  i n .  

r a e r o s h e l l  b a s e  r a d i u s ,  i n .  

r l o b e  r a d i u s ,  i n .  

S h a l f - a r c  l e n g t h  o f  l o b e ,  i n .  

9 

9 

T t e n s i o n ,  l b  
- 
T nondimensional meridional tape load 

x/R,y/R d e c e l e r a t o r  c o o r d i n a t e  s h a p i n g  f a c t o r s  

(3 c e n t r a l  h a l f - l o b e  a n g l e ,  deg 

y 

E s t r a i n  due t o  t h r e a d  r a c k i n g ,  i n . / i n .  

b u r b l e  f e n c e  l o a d  c a r r i e d  by f r o n t  s u r f a c e  
f a b r i c ,  p e r c e n t ;  b i a s  t h r e a d  s e t  a n g l e ,  deg 

S u b s c r i p t s  

B b u r b l e  f e n c e  

b b a s e  

E e n t r y  

f fo rward  

i i n t e r n a l  

L local  

m m e r i d i a n  

o nominal  

r rear  

03 free stream 
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8 circumferential direction of surface element 

Model Number 

IA 
IB 
IC 
ID 
IIA 
IIB 

(I meridional direction of surface element 

Assembly Number 

3 0 6 3 0 0 0 - 0 0 1 - 1 0 1  

3063000-001-109  

3 0 6 3 0 0 0 - 0 0 1 - 1 0 5  

30 6 30 0 0- 0 0 1- 11 1 
3 0 6 3 0 0 0 - 0 0 1 - 1 0 3  

30  6 30  0 0- 001-  1 0 7  

AID MODEL DESCRIPTION 

The configuration details of each of the six models discussed in 
this report are shown in Figures 3 and 4. Additional design 
details of the models described in these two figures are presen- 
ted in assembly Drawings 3063000-001-101, -103, -105, -107, - 1 0 9 ,  
and -111. Table I presents a correlation of model numbers with 
assembly numbers. The model numbers will be used in any future 
reference made to the specific details of the models. A com- 
plete set of drawings for the models is presented in Appendix A. 

TABLE I. - AID MODEL DESIGNATION 

The models shown in Figures 3 and 4 use ram air for deployment 
and pressurization. Spring-actuated inlets, similar to those 
used on the model in Reference 6, provide the initial and re- 
straining forces to align the forward inlets with the air flow. 
All six models' forward inlets are 2.5 in. in diameter. Models 
1A, IC, IIA, and IIB have 2.5-in. diameter aft inlets; models 
IB and ID have 1.8-in. diameter aft inlets. 

All model I configurations have a burble fence extension which 
increases the maximum decelerator diameter by 10 percent. The 
model I1 configurations differ from model I by the absence of a 
burble fence and the resulting change in shape. 
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B U R B L E  I F E N C E  

AEROSHELL - 
Figure 3. - Details of Model I Configuration 
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D E C E L E R A T O R  
( N O M E X  F A B R I C )  

Figure 4. - Details of Model I1 Configuration 
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DESIGN CONDITIONS 

Condition 

Deployment Mach number, M 

Deployment dynamic pressure, q (psf) 

Maximum dynamic pressure, q (psf) 

I 
I 
I 
I 
1 
I 
I 

Magnitude 

4.4 

75.0 

200.0 

I 
I 
I 

I 
a 

The aerodynamic design conditions for the AID canopies are pre- 
sented in Table 11. The hard structure was designed to meet 
the requirements specified by Arnold Engineering Development 
Center (AEDC) in Reference 13. 

TABLE 11. - AID DESIGN CONDITIONS 

Shape Analysis 

The AID canopy is basically a uniform-stress (isotensoid) struc- 
ture (see Figure 5) whose shape is maintained by a balance of 
external aerodynamic loads and internal pressurization. The 
canopy shapes for the present models were derived using the iso- 
tensoid analysis described in References 2, 3, and 4. This 
analysis, computerized during a previous Goodyear Aerospace pro- 
gram (Reference 3) for LRC, uses a theoretical aerodynamic 
pressure distribution to calculate an initial shape which can 
then be used to obtain an experimental pressure distribution. 
This distribution is then inserted in the computerized analysis 
to obtain an "iterated" shape. This procedure can be repeated 
until the desired correlation is obtained. 

Since numerous canopy shapes result from the isotensoid analysis 
the shape of the first-stage AID was obtained using an optimiza- 
tion procedure, described in Reference 14, to determine the decel- 
erator shapes which combined the highest drag areas with the lowest 
canopy weights. The canopy shapes shown in Figures 3 and 4 were 
the result of this optimization study. Pertinent parameters 
(described in References 2, 3, and 4) for these shapes are presented 
in Table 111. The pressure distributions used in deriving the 
shapes of models I and I1 are presented in Figures 6 and 7. 

The internal canopy pressure was obtained from the empirical 
relation in Reference 3: 

Experimental data taken from Reference 6 yielded a value of p/q, = 
1.9. This value was used to determine the stresses in the fabric 
and meridians as described in Appendix B. 

-7-  
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Figure 5 - Cutaway Drawing of an AID 

TABLE 111. - AID CANOPY PARAMETERS 

Condition 

Nondimensional - meridian 
tape load, Tr 

Nondimensional - fabric 
stress, fr 

Ratio of circumferential 
fabric stress to meridional 
stresses, fc/fm 

Nondimensional - burble 
fence load, NB 

Percent of burble fence 
load carried by front sur- 
face fabric, y 

Number of gores, n 

-8- 

Model I 

0 . 3 8  

0 .30  

1.8 < fc/f < 1.8 - m -  

0 . 0 9 3 6  

0 . 1 9 4 7  

6 0  

Model I1 

0.38 

0.175 

0.8 - < fc/f, - < 1.8 

0. 

0. 

60 
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Canopy Gore Patterns 

The nondimensional AID coordinates defining the canopy profile 
are one of the outputs of the isotensoid computer program. 
These coordinates have been tabulated for models I and 11 and 
are presented in Tables IV and V. Utilizing these coordinates 
in the analytical approach, established by the design analysis 
in Reference 3 ,  it was determined that 60 gores were needed to 
maintain fc/fm within the limits set forth in Table 111. 
specific equations, derived in Reference 3 ,  that define gore 
geometry are presented below. 
geometry, radial growth due to unrestrained thread racking, and 
fabric stresses calculated from these equations are presented 
in Tables VI and VI1 

The 

The numerical values of lobe 

tan y = d i  : 

r 
R 

7T 
n sin B (g) ; 

S 
g =  R (2) B : 

4 = (2) (1 - cos 8 )  ; 
d 
R 

E = T T s i n y - 1  : 
@ 

tE = v ' 2 c o s y - l  : 0 

- PR sin (3 
fb - 4 (@ sin2 y) ' and 

1 
tan2 y 

f 
f 
- _  c -  
m 

The gore patterns shown in Figures 8 and 9 each consist of three 
gores. 
model resulting in a total of 60 gores. 

Twenty of the patterns were used in constructing each 

-10- 
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TABLE 1'9.- A I D  COORDINATES FOR MODEL I 

~ 

1 . 0 0 0 0 0 0 0 0 E + 0 0  

9 . 9 9 0 0 0 0 0 0 E - 0 1  

9 . 7 5 0 0 0 0 0 0 E - 0 1  

9.5COOOOOOE-01 

9 . 2 5 0 0 0 0 0 0 E - 0 1  

9 . 0 0 0 0 0 0 0 0 E - 0 1  

8 .75xCZOOE-01  

8 . 5 0 0 0 0 0 0 0 E - 0 1  

8 . 2 5 0 0 0 0 0 0 E - 0 1  

8 . 0 0 0 0 0 0 0 0 E - 0 1  

7.75OOOOOOE-01 

7 . 5 0 0 0 0 0 0 0 E - 0 1  

7 . 2 5 0 0 0 0 0 0 E - 0 1  

7 . 0 0 0 0 0 0 0 0 E - 0 1  

6 . 7 5 0 0 0 0 0 0 E - 0 1  

6 . 5 0 0 0 0 0 0 0 E - 0 1  

6 . 2 5 0 0 0 0 0 0 E - 0 1  
6.OOOOOOOOE-01 

5 . 7 5 0 0 0 0 0 0 E - 0 1  

5 . 5 0 0 0 0 0 0 0 E - 0 1  

5.25OOOOOOE-01 

5 . 0 0 0 0 0 0 0 0 E - 0 1  

4 . 7 5 0 0 0 0 0 0 E - 0 1  

4.5OOOOOOOE-01 

4 . 2 5 0 0 0 0 0 0 E - 0 1  

4 . 0 0 0 0 0 0 0 0 E - 0 1  

Y/R 
F r o n t  S u r f a c e  

0 .  

3 .32819083E-02  

1 . 5 7 4 4 5 0 1 3 E - 0 1  

2 . 1 5 3 4 4 5 5 7 E - 0 1  

2 . 5 7 2 5 9 1 3 3 E - 0 1  

2 . 9 1 1 2 4 1 4 8 E - 0 1  

3 . 1 9 9 4 8 7 2 3 E - 0 1  

3 . 4 5 3 8 8 5 0 8 E - 0 1  

3 . 5 5 3 2 8 5 9 7 E - 0 1  

3 . 6 9 5 4 8 9 2 7 E - 0 1  

4 . 0 9 3 1 4 6 8 4 E - 0 1  

4 . 2 7 8 7 6 4 1 2 E - 0 1  

4 . 4 5 4 2 3 7 3 5 E - 0 1  

4 . 6 2 1 0 3 9 6 3 3 - 0 1  

4 . 7 8 9 3 4 5 4 2 E - 0 1  

4 . 9 3 3 1 1 4 6 2 E - 0 1  

5 . 0 8 0 1 3 5 8 5 E - 0 1  
5.22207965E-01 

0 .  

0 .  

0. 
0. 

0. 

0. 

0. 

0. 

Y / R  
R e a r  Surf ace 

0 .  

-2 .180555613-02  

- 1 . 0 6 8 2 2 2 3 7 3 - 0 1  

- 1 . 4 6 9 2 3 7 9 5 E - 0 1  

- 1 . 7 4 8 6 8 9 2 2 3 - 0 1  

- 1 . 9 5 9 6 1 4 9 5 E - 0 1  

- 2 . 1 2 2 7 8 7 7 4 E - 0 1  

- 2 . 2 4 8 8 5 5 1 1 E - 0 1  

- 2 . 3 4 4 0 9 1 8 6 E - 0 1  

- 2 . 4 1 2 4 0 0 1 2 E - 0 1  

- 2 . 4 5 5 3 5 1 1 6 E - 0 1  

- 2 v 4 7 7 6 0 1 4 8 E - 0 1  

- 2 . 4 7 7 1 2 9 9 6 E - 0 1  

- 2 . 4 5 5 5 0 4 8 8 E - 0 1  

- 2 . 4 1 2 7 5 6 2 7 E - 0 1  

- 2 . 3 4 5 5 2 7 5 9 3 - 0 1  

- 2 . 2 6 2 0 2 0 2 9 3 - 0 1  
-2.15192459E-01 

- 2 . 0 1 6 2 8 7 2 9 E - 0 1  

- 1 . 8 5 2 2 8 0 3 1 3 - 0 1  

- 1 . 5 5 5 7 9 3 7 0 E - 0 1  

- 1 . 4 2 0 6 5 3 9 6 E - 0 1  

- 1 . 1 3 7 2 5 7 5 1 E - 0 1  

-7 .88773238E-02  

-3 .41413527E-02  

-2 .99577046E-02  

-11- 



TABLE v. - A I D  COORDINATES FOR MODEL I1 

1 . 0 0 0 0 0 0 0 0 E + 0 0  

9 . 9 9 0 0 0 0 0 0 3 - 0 1  

9 . 7 5 0 0 0 0 0 0 E - 0 1  

9 . 5 0 0 0 0 0 0 0 E - 0 1  

9 . 2 5 0 0 0 0 0 0 E - 0 1  

9 . 0 0 0 0 0 0 0 0 3 - 0 1  

8 . 7 5 0 0 0 0 0 0 E - 0 1  

8 . 5 0 0 0 0 0 0 0 E - 0 1  
8 . 2 5 0 0 0 0 0 0 E - 0 1  

8 . 0 0 0 0 0 0 0 0 E - 0 1  

7 . 7 5 0 0 0 0 0 0 3 - 0 1  

7 . 5 0 0 0 0 0 0 0 E - 0 1  

7 . 2 5 0 0 0 0 0 0 3 - 0 1  

7 . 0 0 0 0 0 0 0 0 3 - 0 1  

6 . 7 5 0 0 0 0 0 0 E - 0 1  

6 . 5 0 0 0 0 0 0 0 E - 0 1  

6 . 2 5 0 0 0 0 0 0 3 - 0 1  

6 . 0 0 0 0 0 0 0 0 E - 0 1  

5 . 7 5 0 0 0 0 0 0 E - 0 1  

5 . 5 0 0 0 0 0 0 0 E - 0 1  

5 . 2 5 0 0 0 0 0 0 3 - 0 1  

5 . 0 0 0 0 0 0 0 0 3 - 0 1  

4 . 7 5 0 0 0 0 0 0 3 - 0 1  

4 . 5 0 0 0 0 0 0 0 E - 0 1  

4 . 2 5 0 0 0 0 0 0 E - 0 1  

4 . 0 0 0 0 0 0 0 0 E - 0 1  

-12-  

Y/R 
F r o n t  Su r face  

0.  

2 . 1 8 2 0 8 2 7 5 E - 0 2  

1 . 0 8 6 9 0 5 1 7 E - 0 1  

1 . 5 2 3 9 5 3 6 1 3 - 0 1  

1 . 8 6 2 2 5 9 6 5 3 - 0 1  

2 . 1 2 3 5 1 3 7 7 3 - 0 1  

2 . 3 5 7 9 8 5 8 7 E - 0 1  

2 . 5 6 6 1 7 7 2 5 E - 0 1  
2 . 7 5 4 3 7 9 1 7 E - 0 1  

2 . 9 2 6 7 2 9 6 7 3 - 0 1  

3 . 8 8 6 1 2 5 5 5 E - 0 1  

3 . 2 3 4 5 9 7 4 4 E - 0 1  

3 . 3 7 4 0 6 0 8 8 3 - 0 1  

3 . 5 0 5 4 8 3 7 8 E - 0 1  

3 . 6 2 9 9 8 5 1 5 E - 0 1  

3 . 7 4 8 3 9 5 6 2 E - 0 1  

3 . 8 8 1 0 1 0 5 5 3 - 0 1  

3 . 9 6 9 6 1 1 8 8 E - 0 1  

0 .  

0 .  

0 .  

0. 

0. 

0. 

0. 

0. 

Y/R 
R e a r  Su r f  ace 

0. 

-2 .180555613-02  

- 1 . 0 8 3 2 2 2 5 7 3 - 0 1  

- 1 . 4 6 9 2 3 7 5 9 3 - 0 1  

- 1 . 7 4 8 6 8 9 2 2 3 - 0 1  

- 1 . 9 5 9 6 1 4 9 5 3 - 0 1  

- 2 . 1 2 2 7 8 7 7 4 3 - 0 1  

- 2 . 2 4 8 8 5 5 1 1 3 - 0 1  
- 2 . 3 4 4 0 9 1 8 8 3 - 0 1  
- 2 . 4 1 2 4 0 0 7 2 3 - 0 1  

- 2 . 4 5 5 3 5 1 1 6 3 - 0 1  

- 2 . 4 7 7 5 0 1 4 8 3 - 0 1  

- 2 . 4 7 7 1 2 9 9 8 3 - 0 1  

- 2 . 4 5 5 5 0 4 9 8 3 - 0 1  

- 2 . 4 1 2 7 5 6 2 7 3 - 0 1  

- 2 . 3 4 8 5 2 7 5 9 3 - 0 1  

- 2 . 2 6 2 0 2 0 2 9 3 - 0 1  

- 2 . 1 5 1 9 2 4 5 9 E - 0 1  

- 2 . 0 1 5 2 8 7 2 9 3 - 0 1  

- 1 . 8 5 2 2 8 0 3 1 3 - 0 1  

- 1 . 5 5 5 7 9 3 7 4 3 - 0 1  

- 1 . 4 2 0 6 8 3 9 6 3 - 0 1  

- 1 . 1 3 7 2 5 7 5 1 3 - 0 1  

- 7 . 8 8 7 7 3 2 3 8 3 - 0 1  

- 3 . 4 1 4 1 3 5 2 7 3 - 0 1  

2 . 9 9 5 7 7 0 4 6 3 - 0 2  
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Table VI. - Model I Lobe Geometry, Radial Growth Due 
to Unrestrained Thread Racking, and Fabric Stresses 

x /R 

.60* 

.65 

.70 

.75 

.80 

.85 

.90 

.95 
1.00 
1.00 

.95 .. 90 

.85 

.80 

.75 

.70 

.65 

.60 

.55 

.50 

.45 

.40 

.38 

den 

30 
32 
34 
36 
38 
39 
41 
42 
44 
49 
48 
46 
45 
43 
41 
39 
37 
35 
33 
30 
28 
25 
24 

- 

P 
min 

27 
29 
26 
18 

5 
47 
24 
55 
25 
44 
17 
44 

6 
2 1  
26 
34 
49 
37 
18 
15 
15 
32 
24 

dg/R 

.02900 

.02 744 

.02586 

.02430 

.02280 

.02126 

.01977 

.01830 

.01680 

.02426 

.02228 

.02035 
,01847 
.01664 
.01484 
.01318 
.01160 
. O l O l O  
.00860 
.00722 
.00593 
.00474 
.00430 

r g / R  

.06199 

.06337 

.06482 

.06633 

.06791 

.06955 

.07126 

.07303 . 0 748 1 

.06860 

.06660 

.0647 0 

.0628 0 

.06100 

.0593 0 

.05750 

.05540 

.05390 

.05240 

.05110 

.04980 

.0486 0 

.04810 

* Indicates x / R  value of forward 
and I D  

Sg/R 

.0329 

.0359 

.0389 

.0420 

.0451 

.0483 

.0515 

.0547 

.0579 

.0595 

.0561 

.0527 

.0494 

.0461 

.0429 

.0397 

.0366 

.0335 

.0305 

.0275 
,0245 
.02 16 
.0205 

- 
f b  

l b / i n .  

4.46 
4.46 
4.54 
4.58 
4.62 
4.68 
4.73 
4.79 
4.84 
4.24 
4.17 
4.11 
4.03 
3.99 
3.93 
3.87 
3.84 
3.77 
3.74 
3.68 
3.66 
3.36 
3.62 

den 

42 
41 
41 
40 
40 
40 
39 
39 
38 
37 
37 
38 
38 
39 
39 
40 
40 
41 
41 
42 
42 
43 
43 
- 

Y - 
min 

10 
58 
21 
57 
31 

3 
37 
13 
46 

1 
32 

2 
35 

5 
38 

9 
31 

5 
38 
10 
31 

1 
11 
- 

E 
d 

-.0507 
- .0543 -. 0670 -. 0733 
-.0712 -. 0900 -. 0982 -. 1060 -. 1145 -. 1486 -. 1386 -. 1289 -. 1182 -. 1086 
- .0980 -. 0883 -. 0827 
-. 0721 -. 0620 
-.0521 -. 0458 -. 0367 
-.0337 

E 
c) 

.0482 

.0515 

.0627 

.0681 

.0751 

.0825 

.0894 

.0956 

.1026 

.1291 

.1213 

.1130 

.1053 

.0975 

.0890 

.0810 

.0734 

.0643 

.0553 

.0466 

.0407 

.0324 

.0296 

attachment points f o r  Models IA, IB, IC, 

fc/ftn 

1.219 
1.232 
1.294 
1.326 
1.370 
1.415 
1.457 
1.504 
1.551 
1.762 
1.695 
1.632 
1.571 
1.519 
1.457 
1.404 
1.369 
1.315 
1.267 
1.217 
1.188 
1.150 
1.137 
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T a b l e  V I I .  - Model I1 Lobe Geometry, R a d i a l  Growth Due 
t o  U n r e s t r a i n e d  Thread  Racking,  and F a b r i c  S t r e s s e s  

x /R 

.60* 

.65 

.70 

.75 

.80 

.85 

.90 

.95 
1.00 

.95 

.90 

.85 

.80 

.75 

.70 
I .65 

.60 

.55 

.50 
I .45 

.38 
I .40 

- 
- 
deg 

35 
37 
39 
41  
43 
45 
46 
48 
49 
48 
46 
45 
43 
41 
39 
37 
35 
33 
30 
28 
25 
24 

- 

- 

- 
min- 

37 
49 
34 
26 
21 

6 
44 
17 
44 
17 
44 

6 
21 
26 
34 
49 
37 
18 
15 
15 
32 
24 

- 
dg /R 

. O l O l O  

.01160 

.01318 

.01484 

.01664 

.01847 

.02035 

.02228 

.02426 

.02228 

.02035 

.01847 

.01664 

.01484 

.01318 

.01160 

. O l O l O  

.00860 

.00722 

.00593 

.00474 

.00430 

rg /R 

.0539 

.0554 

.0575 

.0593 

.0610 

.0628 

.0647 
,0666 
.0686 
.0666 
.0647 
.0628 
.0610 
.0593 
.0575 
.0554 
.0539 
.0524 
.0511 
.0498 
.0486 
.0481 

Sg/R 

.0335 

.0366 

.0397 

.0429 

.0461 

.0494 

.0527 

.056 1 

.0595 

.0561 

.0527 

.0494 

.0461 

.0429 

.0397 

.0366 

.0335 

.0305 

.0275 

.0245 

.02 16 

.0205 

f b  
Lb/in. 

~~ 

3.77 
3.84 
3.87 
3.93 
3.99 
4.03 
4.11 
4.17 
4.24 
4.17 
4.11 
4 . 0 3  
3.99 
3.93 
3.87 
3.84 
3.77 
3.74 
3.68 
3.66 
3.63 
3.62 

deg 

41 
40 
40 
39 
39 
38 
38 
37 
37 
37 
38 
38 
39 
39 
40 
40 
41  
41 
42 
42 
43 
43 

- 

- 

Y 

min 

5 
31 

9 
38 

5 
35 

2 
32 

1 
32 

2 
35 

5 
38 

9 
31 

5 
38 
10 
31 

1 
11 

E 
4 

-.0721 -. 0827 -. 0883 -. 0980 -. 1086 -. 1182 -. 1289 -. 1386 -. 1486 -. 1386 -. 1289 -. 1182 -. 1086 
-. 0980 
- .0883 -. 0827 -. 0721 
- .0620 -. 0521 -. 0458 -. 0367 -. 0337 

E 
8 

.0643 

.0734 

.0810 

.of390 

.0975 

.lo53 

.1130 

.1213 

.1291 

.1213 

.1130 

.lo53 

.0975 

.0890 

.0810 

.0734 

.0643 

.0553 

.0466 

.0407 

.0324 
,0296 

* I n d i c a t e s  x/R v a l u e  of  forward at tachment  po in t  f o r  models IIA and I I B  

- 
fJf" 

1.315 
1.369 
1.404 
1.457 
1.519 
1.571 
1.632 
1.695 
1.762 
1.695 
1.632 
1.571 
1.519 
1.457 
1.404 
1.369 
1.315 
1.267 
1.217 
1.188 
1.150 
1.137 
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Inlet Sizing 

One of the present program's objectives was to investigate the 
effects of inlet size on canopy deployment and inflation. Wind- 
tunnel tests (Reference 6) conducted previously used AIDS with 
aft inlets larger in area than the forward inlets. 
investigation, it was of interest to determine the effects of 
aft inlets equal to and smaller than the area of the forward 
inlets. 

In this 

The four forward inlets were selected as 2.5 in. in diameter based 
upon the satisfactory performance of the same size inlets in the 
wind-tunnel tests described in Reference 6. Accordingly, the four 
aft inlets were 2.5 in. in diameter and 1.8 in. in diameter, the 
latter being the same size as the inlets on the models described 
in Reference 9 .  The combination of the inlets on the models is 
presented in Table VIII. 

TABLE VIII. - AID INLET SIZES 

- 

Model 

IA 
IB 
IC 
ID 
IIA 
IIB 

Forward Inlet 
Diameter (in.) 

2.5  

2 .5  

2 . 5  

2 . 5  

2 . 5  

2 . 5  

Aft Inlet 
Diameter (in.) 

2 .5  

1 . 8  

2 . 5  

1 . 8  

2 .5  

2 . 5  

An inflation analysis computer program was developed by Goodyear 
Aerospace under this investigation which predicts AID model 
inflation times. This program, described in Reference 9, veri- 

models within the 1.0-sec design goal. 
I fied that both inlet size combinations would inflate the current 

SYSTEM DESIGN 

Forward Inlets 

The forward canopy inlets incorporate torsion springs to deploy 
and to hold the inlets in the air flow. 
those used on the models of Reference 6, were selected on a 
basis of their mechanical simplicity and demonstrated reliability. 

The springs, similar to 

-16- 
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The spring design is basically that of a torsion spring. The spring 
rotates about an aluminum shaft which is attached to the outer ring 
by two clamps. The free ends of the spring are fastened to the 
outer ring by an aluminum clamping block (see Figure 10). The spring 
has a preload torque of 20.6 f .05 in.-lb at an angle of 70  deg 
(Figure 11) and a maximum torque of 40.7 f 1 in.-% at an angle of 
275 deg when in the packed condition. 

The construction of the fabric inlets was identical to the tech- 
niques used on the inlets described in References 3 and 9. The 
mouth of the inlet incorporates a wire loop which serves to pre- 
vent the inlet from collapsing during inflation and to which the 
ring section of the torsion spring is attached (see Figure 1 2 ) .  

Aft Inlets 

The aft inlets are identical in construction to those on the 
models of Reference 9. Two different size inlets were fabricated 
as presented in Table VIII. 

The forward and aft inlets were placed at 45 deg relative to each 
other in order to prevent flow interference and to provide symmetry 
(see Figure 13). No canopy meridians were cut as a result of this 
placement. 

Figure 10. - Forward Inlet Spring Attached to Hard Structure 

-17- 
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F i g u r e  12. - Forward I n l e t  Sketch 
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Canopy Attachment Scheme 

Figure 14 shows the method of attaching the canopy to the hard 
structure. The aft canopy clamping band is held to the ring 
support by six clamping sectors (see Figure 10). The forward 
canopy clamping band is attached to the outer ring by a large 
clamping ring. Fabric spacers made of webbing similar in thick- 
ness to the meridional tapes were sewn in between each meridian 
at the attachment to provide a better clamping surface. A layer 
of epoxy was used in the interface between the fabric and metal 
structure under the clamping rings and in all the fabric-metal 
joints to prevent air leakage. 

Canopy Storage and Release 

It is very important that the canopy be packaged in a manner which: 
(1) eliminates frictional heating due to excess rubbing of the fab- 
ric and (2)provides for the erection of the inlets in the airstream 
for immediate inflation and ram-air pressurization. Several methods 
of folding and restraining the AIDS were investigated to ensure 
that the best packaging method would be selected. 

Details of canopy folding pattern are shown in Figure 15. The outer 
fold of the AID was brought straight back to the top edge of the 
inner ring. A canopy stowage loop was placed on each meridian 
through which a restraining cord was passed to hold the canopy 
tightly against the rear surface. 
six pyrotechnic cutters spaced equidistantly around the top inner 
surface of the ring support (see Figure 16). Activation of the 
cutters will sever the cord in six places allowing it to be pulled 
through the loops as the AID inflates. The cord was terminated in 
a tuck-splice to allow the end to pass through the loops without 
interference. 

The cord was also passed through 

The forward inlets were secured in a similar manner. A cord was 
passed through the loop attached to each inlet, through two pyro- 
technic cutters, and terminated in a tuck splice (see Figure 16). 
In their stowed position, the inlets are held out of the air flow 
against the canopy. Release of the spring-mechanisms will occur 
when the cutters are fired. 

MODEL INSTRUMENTATION 

Each model was instrumented with one pressure transducer for measuring 
internal canopy pressure-time history; and three load cells for 
measuring meridional tape load-time history. 

One pressure transducer, having a f 5.0 psid range, was mounted on 
the back surface of each model's rear cover so as not to interfere 
with the packing of the canopy against the rear cover. Two rubber 
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Figure 1 4 .  - Canopy Attachment Scheme 

-22- 



1 
1 
I 
I 
I 
I 

I 
I 

I 
I 

C L A M P S  U S E D  T O  
R E S T R A I N  F O L D S  
D U R I N G  P A C K I N G  

(A)  C A N O P Y  F O L D E D  AGAINST R E A R  S U R F A C E  

CLAMPS USED TO 
,RESTRAIN FOLDS 
DURING PACK1 NG 

( 8 )  GORES F O L D E D  L O N G I T U D I N A L L Y  ( L O O K I N G  FORWARD) 

P A C K I N G  L O O P S  

( C )  P A C K A G E D  CANOPY 

Figure  15. - Canopy S t o w a g e  and Release S c h e m e  
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I 

Figure 16. - A I D  Model in Packaged Configuration 

tubes extended through an opening in the rear cover into the 
internal canopy for sensing pressure (see Figure 10). One tube 
was attached to the pressure transducer; the other tube is for 
use in measuring final canopy pressure. 

The load cells, each capable of measuring up to 180 pounds, were 
installed on each of three meridional tapes symmetrically on the 
front surface at x/R = 0.70 as shown in Figure 17. Exact load 
cell locations and load cell numbers for each model are shown in 
Figure 18. 

PIVOTAL BALANCE ADAPTER 

A pivotal balance adapter support sleeve (see Figure 19) was 
designed and fabricated by GAC for use in wind-tunnel testing 
the current models. This adapter, which permits the models' 
freedom in pitch and yaw, was designed to mate with the AEDC 
sting system designated S-5.53M-123-9.12M (Reference 15). 

The adapter consists of four major components: an aeroshell 
attachment arm, a spherical bearing, a locking pin and a hydrau- 
lic cylinder. In operation, the locking pin is seated in the 
bearing preventing the model from moving during tunnel start 
and shutdown. During the test, the pin will be withdrawn by the 
hydraulic cylinder allowing the model freedom to pivot. Rotational 
motion is limited by two radial pins. 
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Figure 17.-Load C e l l  Attachment to Meridian 

The adapter will permit angular movement in pitch and yaw up to 
f 20 deg and in rotation up to t 15 deg. The pivot bearing has a 
rated radial load of 123,000 lb and a rated thrust load of 30,875 
lb. The hydraulic cylinder is rated at 1500 psi. The time 
required for the locking pin to release the model is approximately 
1 sec at a pressure of 500 psi. 

The pivotal adapter was tested after fabrication to demonstrate its 
ability to withstand aerodynamic loads expected in the wind tunnel. 
The setup for this test is shown in Figure 20. The tests showed 
that displacement caused by induced moments were within acceptable 
limits. A weight analysis summary which presents the center of 
gravity locations for Model I and I1 configurations and component 
weights is found in Appendix C. 

MATERIAL SELECTION 
Hard Structure 

The aeroshells were spun-form from a1uminu.n alloy bheets into final 
shape. A rigid, close-fitting, low-carbon steel tube serves as 
the transitional support sleeve between the sting-mounted internal 
balance and the aeroshells on models IA, IB, and IIA. Models IC, 
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Load Cells for Each Model 
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Figure 19. - Sketch of Pivotal Adapter 

ID, and IIB utilize the pivotal adapter, described above, as the 
transitional support. A hardened steel mounting pin is the load- 
carrying member between each support sleeve and the AEDC balance. 

The AID was secured to the hard structure by clamping the canopy 
end bands (see Figure 14). Attachment to the outer ring was 
achieved by a 6061-T6 aluminum alloy clamping ring; inner attach- 
ment to the ring support was accomplished by six 6061-T6 aluminum 
alloy clamping sectors. The remainder of the hard structure w a s  
fabricated from 6061 aluminum alloy and welded in accordance with 
Reference 13 requirements (see Drawing 3063000-003, Appendix A ) .  

Fabric 

All six models were fabricated from Nomex cloth. The cloth was 
calendered* and coated to reduce its permeability to a level such 
that the ram-air pressurization through the inlets would maintain 
the design shape and internal pressure. 

*Calendering of the cloth is a mechanical process f o r  reducing 
the fabric permeability by passing a heated mandrel under pres- 
sure over the cloth. The cloth is restrained at its perimeter 
to reduce shrinkage. 
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Figure 20.  - Test Setup of Static Test of Pivotal Adapter 
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The Nomex fabric was coated with 0.4 oz/sq yd of the same Viton 
fluorelastomer which had been successfully employed in the model 
designs of References 3, 6, and 9. The coating was applied by 
machine, predried at 150 deg, and final cured at 325 deg F. 

The meridional tapes are similar to MIL-T-5038 Type V tape but 
were specially woven of Nomex instead of nylon. To simulate 
the relative meridian size better, the 500-lb tape was folded to 
1/4 in. wide for attachment to the fabric. The gore and the 
burble fence seams used a simple lap seam, 5/8 in. wide, and two 
rows of Federal Specification 751 Type 301 lockstitching and one 
row of single-throw Type 304 zig-zag stitching. The zig-zag 
stitch was used to secure the edge of the fabric that is exposed 
to the airstream. To reinforce the gore around the inlet, a 
Goodyear Aerospace-developed, 300-lb braided Nomex cord was sewn 
in place. Actual loads for both the fabric and meridional tapes 
are calculated in Appendix B. 

DEVELOPMENT TESTS 

General 

Development tests conducted include: (1) tensile tests of both. 
the uncoated and uncalenered Nomex and the calendered and coated 
Nomex fabric, (2) permeability tests of the calendered and coated 
Nomex fabric, and (3) a rapid deployment and inflation test of 
one of the completed AID models. 

Tensile Tests of Nomex Fabric 

Variations in the tensile strength characteristics of textile 
materials woven to the same specification can occur among differ- 
ent lots. To account for these variations, it was necessary to 
conduct tensile strength tests to determine the exact strength 
characteristics of the lot used. Tensile tests were conducted 
on 1-in. ravelled strips of both the uncoated and uncalendered 
Nomex fabric (HT-189) and the coated and calendered Nomex fabric 
(GX601V0262) in accordance with Federal Specification CCC-T-19lb 
on a tensile testing machine. A summary of these tests is pre- 
sented in Table IX. Strength tests were not conducted on the 
Nomex meridional tapes or the various thread types used in the 
fabrication of the canopies. These materials were taken from the 
same lot as the materials used in the fabrication of earlier models, 
the strength of which is documented in References 3 and 10. The 
gore seams, burble fence seams, and inlets seams were identical to 
those used on the models in References 3 and 6; and as a result, 
strength tests were not repeated during this program. The structural 
integrity of the load cell attachment to the meridians, the forward 
inlet, and the forward attachment was established by the tensile 
tests of Reference 9. 
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TABLE IX. - TENSILE STRENGTH TEST 
RESULTS OF CANOPY FABRIC 

HT-189 Fabric 
Ultimate Load 

Specimen (lb/in. ) 

GX601V0262 Fabric 
Ultimate Load 

(lb/in. ) 

Warp Direction 
1 

- 
2 
3 
4 
5 

Average 

2 
3 
4 
5 

Average 

115.0 106.0 
118.0 110.0 
117.0 111.0 

117.8 111.0 
119.0 113.0 

101.0 
99.0 
105.0 
102.0 
101.0 
101.6 

93.0 
95.0 

101.0 
97.0 
99.0 
97.0 

Fill Direction 
1 120 .0  115.0 

To obtain the high pressure recovery needed to produce the 
design shape and design drag coefficient, the Nomex was calen- 
dered and coated to reduce its permeability level. The results 
of this operation provided a permeability of approximately 0.5 
cu ft/sq ft-min at 1/2 in. of water. Experience has shown that 
sewing operations and normal handling will tend to increase the 
permeability level slightly up to that reauired of 1.0 cu ft/sq 
ft-min at 1/2 in. of water. 

Deployment and Inflation Test 

To demonstrate the adequacy of the packaging, deployment, and 
inflation characteristics of the models, a deployment and infla- 
tion test was conducted in an environmental chamber. Model IC 
successfully deployed and inflated at the following conditions: 
20 psfa and approximately 170 deg F. 
established by deployment and inflation tests in Reference 3 .  

Inflation was initiated by rapid vaporization of a water-alcohol 
solution contained in a reservoir within the packaged canopy. A 
pressure transducer mounted internally and load cells attached 
to the canopy provided measurements of the differential pressure 
and the loads imposed on the meridians during deployment. 

These conditions were 
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The inflation test setup, Figure 21,describes the sequence of events. 
A shape controlling spoked guide shown in Figure 21 serves to cradle 
the A I D  when inflated preventing the canopy from inflating in a 
distored shape due to the absence of aerodynamic loads (Reference 3 ) .  

The differential pressure-time history of the A I D  during its deploy- 
ment and inflation is shown in Figure 22. Full inflation of the 
canopy occurred in 0.36 sec. Load cell force-history for the three 
load cells are shown in Figure 23. The peak loads occurred just 
prior to inflation. Figure 24 is a picture of the A I D  model at full 
inflation. A review of the film coverage of the test indicated 
that the packaging and deployment scheme was suitable for use in the 
wind tunnel. 

CONCLUSIONS 

Six first stage attached inflatable decelerator models have been 
designed and fabricated for supersonic wind-tunnel evaluation. 
The models incorporate spring-actuated forward inlets for initial 
deployment and aft inlets for full inflation and final pressurization 
The model I configurations differ from the model I1 configurations 
by the presence of a 10-percent burble fence and the resultant 
geometry change. The following conclusions can be drawn: (1) a 
canopy which simulated a first-stage A I D  both in shape and attach- 
ment locations was designed and fabricated; ( 2 )  the workability of 
the models' packaging and restraining system, and successful A I D  
deployment were demonstrated during a rapid inflation test. 

-31 -  



! 
L 
0 
W 
U z 
W 
3 
0 
w " 

0 

0 

W 
a 
a 

I 

> 
J 
A 
3 
LL 

>. 
a 
0 
z 
a 
U 

v o  
w w  
" >  
?cj  
0 

1 1  w 
- 0  

m 

F i g u r e  21. - Water-Alcohol Inflation T e s t  S e t u p  

- 3 2 -  

~ 

I 
I 
I 
I 
I 
I 
1 
8 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 



I 
I 
1 

1 
1 

0 .8  

0 .6  

0.4 

0.2 

0 
0.9 1.0 1 . 1  0.5  0.6 0 .? 0 . 8  

T I M E  (SECONDS) 

-1 

li 
!Figure 22. - AID Differential Pressure-Time History 

I 
Vr 
0 
z 
J 
0 

c 
J a c 
J 
0 
J 
-I 
W 
W 
0 

0 
J 

n - 

a 

20 

I S  

10 

S 

0 
0.7 0 .8  0 .9  1.0 1 . 1  0.5 0.6 

T IME (SECONDS) 

Figure 23. - Load Cell Force-Time History 

-33- 



F i g u r e  2 4 .  - Fully Inflated AID 
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APPENDIX A. - DRAWINGS 

The w o r k i n g  drawings f o r  t h e  a t tached i n f l a t a b l e  decelerator 
sys t em w e r e  generated by Goodyear Aerospace and are given below 
(see F i g u r e s  A-1  t h rough  A - 2 7 ) .  

1. 

2 .  

3. 

4 .  

5 .  

6 .  

Drawing 3063000-001 :  A t t ached  I n f l a t a b l e  Decelerator System 
(5 shee ts ) ,  2 0  August 1 9 7 0 .  

Drawing 3 0 6 3 0 0 0 - 0 0 2 :  Decelerator A s s e m b l y ,  A t t ached  I n f l a t -  
able ( 1 0  shee t s ) ,  20  August  1 9 7 0 .  

Drawing 3063000-003 :  S u p p o r t  Ring Assembly and Aeroshe l l ,  
A t t ached  I n f l a t a b l e  Decelerator System ( 6  shee t s ) ,  2 0  J u l y  1 9 7 0 .  

Drawing 3 0 6 3 0 0 0 - 0 0 4 :  S u p p o r t  Assembly,  Attached I n f l a t a b l e  
Decelerator ( 4  shee ts ) ,  7 Augus t  1 9 7 0 .  

Drawing 3 0 6 3 0 0 0 - 1 1 0 :  Spring and Ring Assembly,  Decelerator 
Assembly,  Attached I n f l a t a b l e  (1 s h e e t ) ,  9 October 1 9 7 0 .  

Drawing 3 0 6 3 0 0 0 - 1 1 2 :  Tube A s s e m b l y ,  Decelerator A s s e m b l y  
(1 s h e e t ) ,  2 3  F e b r u a r y  1 9 7 1 .  
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APPENDIX B. - STRESS ANALYSIS 

Fabric Stresses 

A stress analysis was performed on model I only since the same 
materials were used in both configurations and model I had higher 
stress levels. 

The decelerator stress analysis in Reference 1 presents the 
following relationships, based on the isotensoid method of 
analysis, for determining the limit loads for both the meridians 
and fabric. These relationships are: 

(B-1 

(B-2 

- - npR2 
Tr - Tr 7 

- npR2 Tf = Tf - n 
- - 
ff = fr + y NB 

+ (1 - Y)NB Tf - Tr 

From the data in Reference 6 :  

- - - 

( B - 4 )  

- -  - 1 . 9  
qco 

For the maximum dynamic pressure of 200 psf given in Table 11, 

p = 1.9 ( 2 0 0 )  

= 380 psf 

= 2 . 6 4  psi 

Using the model parameters presented in Table 111, the following 
limit loads were calculated: 
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APPENDIX C.- WEIGHT ANALYSIS 

A weight analysis was performed to determine the weight of the 
AID models and their corresponding centers of gravity (cg). For 
the purpose of this analysis, the weight difference between the 
model I AIDS due to aft inlet size, which was 0.047 lb, was con- 
sidered negligible and only the heavier model with larger aft 
inlets was used for cg computations. 

The cg was calculated for both models I and 11, packaged and 
deployed, and mounted and unmounted on the pivotal adapter. The 
last group of computations was performed to determine the cg of 
the models relative to the pivot axis of the pivotal adapter. 
A design goal of the program was to have the cg as near the pivot 
axis as possible in order to reduce model unbalance effects when 
the locking pin is released during wind tunnel tests. 

The reference datum used in these calculations was the base plane 
of the aeroshell as shown in Figures C-1 and C-2. Figure C - 1  also 
shows the relative position of the pivot axis to the base plane of 
the aeroshell. Positive moments are aft of the base plane and 
negative moments are forward of the base plane. 

Reference 
I 
I 

0 .337  i 

-- -- - -  

P ivo  k Axi s 

Aer os he 11 
Pivotal Attachment 
Hardware 

\ Aeroshell 
L i v o t a l  Attachment 

Hardware 

Aeroshell Rase Plane r 
Reference 

.337  i 

T 
P ivo  k Axi s 

Datum 

.m. 

Figure C-1. - Reference Datum for AID Models 
Mounted on Pivotal Adapter 
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Model 

The canopy weight includes all the fabric, inlets and inlet rings, 
inlet restraining lines, and load cells. 
cludes only the weight of the four forward inlet springs. The 
aeroshell weight is only that of the aeroshell. 
weight includes all internal supports and structure, clamps, cutters, 
attachment fittings and screws, nuts, and bolts. The total weight 
of the model is the weight of the whole AID before attachment to 
the support sleeve but including the weight of the attachment nuts, 
bolts and screws. The pivotal attachment hardware weight includes 
that of the rod and threaded shaft and solid shaft. The total 
model weight on the pivotal adapter is the weight which must be 
supported by the pivotal adapter bearing. 

The cg locations calculated for models I and I1 are presented in 
Table C-11. 

The spring weight in- 

The hard structure 

Center of Gravity Location (in.) 
I 

TABLE C-11. AID MODELS CENTER OF GRAVITY LOCATIONS 

, Model Without Support 
Packaged I Deployed 

Model with Pivotal Attachments 
Packaged I Deployed 

I 

I1 

0 . 3 9 1  

0 . 3 7 0  

0 . 6 5 1  

0 . 4 7 7  

- 0 . 5 3 3  

- 0 . 5 8 8  

- 0 . 2 7 4  

- 0 . 4 2 0  
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